The incidence and distribution of ischemic (necrotic) neurons in the brains of rats 72 hr after hypoxic ischemia induced via asphyxiation is described and scored. Anesthetized Sprague-Dawley rats (10/group) were endotracheally intubated and had their airways occluded for 6, 8, or 10 min, which resulted, respectively, in approximately 3, 5, or 7 min of pulselessness (MABP < 10 mm Hg). Survival was 10/10, 9/10, and 6/10 in the 6-, 8-, and 10-min groups: deaths occurred within 1 hr after resuscitation. At 72 hr, rats were reanesthetized and their brains were perfusion-fixed with 3% buffered paraformaldehyde. Paraffin-embedded, 5-&mu;m-thick, 
INTRODUCTION
Previous clinical observations and experimental studies have demonstrated 2 fundamental properties of neuronal death after global ischemic brain damage: the phenomenon of delayed neuronal death and the existence of selective vulnerability (14) . Because neuronal death is delayed, sufficient time must elapse after the insult to allow development of the full spectrum of neuronal death prior to histologic examination. Since different brain regions have different vulnerabilities, all regions of the brain must be assessed.
Our research group has described and scored the prevalence of necrotic neurons throughout the postischemic brain to screen therapeutic interventions in monkeys (9) and dogs (13, 18) . The present paper describes the abundance and distribution of ischemic (necrotic) neurons in rat brains 72 hr after 6, 8, or 10 min of hypoxic ischemia and subsequent pulselessness (transient cardiac arrest) induced by asphyxiation. A method of scoring this histologic brain damage and the correlation of histological brain damage scores with duration of asphyxia is presented. An abstract of this material has been previously published (12) .
MATERIALS AND METHODS
These studies were performed with the approval of the II and III, the middle third of the brain was cut into 2-mm-thick sections and then step-sectioned at 300-pLm intervals. Sections corresponding to the desired levels were then chosen from the resulting slides. Routine paraffin-embedding was followed by sectioning to 5-pLm thickness and staining with hematoxylin and eosin. Transmission electron microscopy was done on the caudoputamen of a separate rat subjected to 8 min of asphyxia to further characterize the neuronal alterations. For electron microscopy, initial perfusion-fixation and subsequent immersion in 3% paraformaldehyde was done as described above; however, postfixation was in 1 °70 osmium tetroxide. Dehydration through graded ethanols was followed by em (Table I ).
At the most rostral level (Level I), the induseum griseum, a small collection of neurons just above the medial corpus callosum, sometimes had ischemic neurons, but neither their incidence in the group of rats nor their ranked category corresponded with asphyxia time. Ischemic neurons were most frequent in the lateral caudoputamen.
Both the ranked category and the incidence (number of rats affected) in the caudoputamen increased (p < 0.05 with trend test) with asphyxia time (Table I ).
The lateral reticular thalamic nucleus (Level II) had a 100% incidence (all surviving rats affected) of ischemic neurons, and ranked category increased with asphyxia time (Table I ). The rostral hippocampal formation had ischemic neurons in 3 different regions: CA pyramidal neurons (100% incidence but variable ranked categories); CA4 polymorph neurons (high incidence but low categorical rank); and subiculum (high incidence and categorical rank that increased with asphyxia time) (Fig. 2 and Table I ). The selective vulnerability of the CAI region of hippocampal pyramidal cells was striking (Fig.   3) . The (Fig. 4) .
The hippocampal formation was also present on levels III and IV. Ischemic neurons on Level III were included with those at Level II for determining regional categorical ranks and incidence, but hippocampal neurons at Level IV were not found to be ischemic. At Level IV, ischemic neurons in the substantia nigra had low incidence and categorical rank (Table I ). with increased asphyxia time included: cortex (increased incidence); caudoputamen (increased incidence and ranked category); subiculum (increased ranked category); thalamus (increased ranked category); and cerebellum (increased incidence and ranked category) (Table I) . Transmission electron microscopy confirmed that ischemic neurons in the caudoputamen were shrunken, and electron dense (Fig. 5) .
The mean brain histologic damage scores for the rats that survived to 72 hr in the 6-, 8 chemia in the rat, a significant increase in ischemic neurons was noted in the neocortex and hippocampus between 24 and 72 hr postischemia (11) , supporting the conclusion that delayed neuronal death continues until at least 72 hr.
In this asphyxia model of brain damage in the rat, the paucity of damage at all levels of the cortex, and the 100% incidence of ischemic neurons in the lateral reticular nucleus of the thalamus, were both striking. In studies with transient brain ischemia in dogs and monkeys, there were many ischemic neurons in the cortex but few in the thalamus (9, 13 (17) and humans (8) .
The selective vulnerability of the CA region of hippocampal pyramidal neurons to ischemia is well recognized (16 
